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l 0 Introductlon . '

| In compllance w1th Task C of: contract number NAS 8 27793, thls test plan
.documents the procedure to be followed in determlnlng the thermal performance of
_Huntsville's variable conductance heat plpe. The nominal one inch diameter
aluminum pipe is a cold reservoir'type whose'overall length is nine-feet. lt
has a capa01ty of 2 to bt Kw's. eqplvalent to 8 to 16 Kw-Ft and an overall tem—
perature_control_range of 50 to 95 F. Inltlal testu will be conducted w1th
the*pipe charged wlth ammonia to determine its capacity limits. Follow1ng
.introduction of the. non-condensible gas (nitrogen); the variable conductance

. Peatures of the pipe will be exercised.
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.,é;O Test Onﬁectives ‘
There are three prlmary test obJectlves
: 2. l Demonstrate achlevement of the basic design requirements outllned
et o B
2.1.1 Maximum thermal transport capacity shall be equal to 2 to
4 kilowatts equlvalent to’ approx1mate1y 8 to 16 kllowatt-
feet._ . - | ,. “ o
2.1.2 Provide atfully opefative to fully shut off condenser length
,at evaporator outside wall temperatures of approximately
‘.95 to 50°F and’” a reservoir temperature range of Lo°F to -hO°F.<
2.2 Evaluate_operatlonal characterlstlcs, such as. pipe start-up and
transient response_to’changes in load and environment.
2.3 Conduct‘tests.to allow comparison petween fesults and'analytioai
predietions: | | _

A fourthbobjectite; beyond the‘scope of the present contract, will Dbe
oonsidered pending-completionuof the primaryiobjectives, and~evaluationiof
possible-schedule‘and manpower impaots.

'_a.h Evaluate'pipe pefformance under‘asjmmetrical heat input and output

conditions that simulate spacecraft use.
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© PAGE 3

3.0 Test Article

vThe.item to be tested“ie the“let;deliveraﬁle heaf pipe sbecified-in
the eontraet, a sketch of whiCh ie.shown in Figure 1. It has an aluminum outer
envelope con51st1ng of a nomlnal 46 inch evaporator, h6 inch condenser and a’
‘lh7 cubic inch reservoir. The w1ck cons1sts of fine radial grooves machlned
-into the aiuminumvwall and a nine foot-long stainless steel artery fabrlcated i
‘from mesh screen. Ammonia is used as the worklng fluid and nitrogen as the
: non-condeﬁsible éas. rurther detalls of the test artlcle can be -found in

Drawings AD 508-1000 .and AD 508-1001.
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-'u;o Test Setup - B
The plpe will be setup as shown in the ‘test schematic in Flgure 2 A

» nlchrome strlp heater is 1nstalled unlformly around the evaporator along a

length of MS% inches. The heater is symmetrically divided between each.half of

the evaporator (heater #1 and heater #2). In addition, leads to the first

6 1nch heater length are prov1ded See Figure 3 for heater schematlc Power>
‘w1ll be supplled through a 230 volt 30 ampere AC power supply’ controlled
through a varlac. Volt and ampere meters will be used to monltor the power..
‘An automatlc power shutdown cireuit will be 1nstalled which monltors evaporator
.temperature and 1nterrupts power in the event of evaporator dryout.~

' Temperature control of the reservoir is prov1ded by placing the reserv01r.

»-g1n a CO2 chamber capable of temperature control between lOO °F and h25 F.
>Condenser coollng is prov1ded through a water spray bath Thermocouple.‘d
zlnstrumentatlon is shown in Figure 4. Attachment of thermocouples to the plpe
is achleved by mechanically holdlng the bead agalnst the plpe wall using a
nylon tie strap. T/C leads are run along the pipe to mlnlmlze conductlon
losses."Temperature'readout w1ll be accompllshed‘through two 2& point Brlstol.

recorders.
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S.O Tesﬁ Procedure

The procedure for four test,sequences will be described below::

_ Burnout vs. tilt for single fluid HP

- Performance map of'VCHPf

- Operational_characteristics of VCHP

- Asymmetrical heat inputiand output

5.1 'Burnouf vs; Tilt fer Single Fluid

5.1.2

5.1.3

5.1.1 The pipe will be charged only with ammonia and configured

as shown in Figure 2 except that the reservoir will be

insulated. Heaters #1 and #2 wili be wired in parallel to .

prov1de uniform load over the entire evaporator area.

"level" the pipe use levellng shims. ~Beg1nn1ng of evaporator:
should be approx1mately 1/16 1nch above end of condenser to
allow for any excess fluid accumulatlon 1n the reservoir,

Turn on condenser coollng and allow plpe temperatures to

‘ stabilize.

5.1.L

5.1.5

Aéply load in steps of 100 to 500 watts allowing the.pipe to
staﬁilize between steps; Continue to ;oad pipe until pipe |
dryout or pewer su@ply limit is reached.

Repeat the. above procedures at tilts of 0.5, l;O, and 1.5
inches measured from beginning of evaporator ﬁo end. of

condenser ( ~ 8 feet).

5.2 Performance Map of VCHP

5.2.1

.Pipe will be charged with ammonia and nitrogen and configured
" as shown in Figure 2. Heaters #1 and #2 will be wired in
. parallel to provide wniform load over the entire evaﬁorator

- area.

'GAC 328A REV 2
8—~70 125M

REPORT
DATE ) )
GRUPAMAN G5 o Reiedl 58 GO e FLUATHIRN

Fg? =




PAGE" 6

B 5;2;2 Tests will be run.with evaporator endlapproximately i/l6 inch
,above condenser end o | : ‘
,.5;2.3~'AdJuSt reservoir temperature to approx1mate1y 40° F Turn on -
cooling water and allow pipe temperatures to stabilize
é.Z,M_AApply a step power load of between lOO and 500 watts. Continue
to increase- load in gradual steps, recording data at approxi- |
mately five stable temperature polnts.. Increase power ‘until
condenser is fully operative. | | | |
5.2.5' Reduce power in gradual‘steps; recording data at stable tem-
| perature points. At low power levels use small step changes
to determlne the minlmum load necessary to just shut off the
condenser.
. 5.2.6 -Repeat above procedures at two additional reservoir temperatures
‘of approx1mately 0°F and -L40°F. At low reserv01r temperatures
the 1nterface between the active and inactive portlons of the
condenser may be difficult to detect because the coollng water
temperature (~55°F) and evaporator temperature (~—6O F) are
nearly the same. In this event it may_be necessary to~use a
1ower coolinngater temperature (ice:water) or raise the
, evaporator temperature via an increase in reservoir temperaé
ture, |
5.2.7 Durlng above runs, the reserw01r should be maintained at a
'~ near constant temperature by adgusting the chamber CO2 tem-

- perature control,
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© . 5.3 Operational Characteristics'of VCHP

5. 3 1

5.3.2°

Plpe will be conflgured as in paragraphs 5. 2 1 and 5. 2 2. Tne
reserv01r temperature w1ll be adgusted and malntalned at
approx1mately 10° F, and the coollng water turned on.

A number of runs will be made to determine the transient and -
operatlonal characterlstlcs of the plpe . The aim Qf each run,,

or test serles is outlined below.

_a) Start- up Ioads - apply varlous start -up.loads to the pipe

to evaluate the maximum load that can be accommodated'and
the'resulting transient response of the pipe.

b) Step Increase - with the pipe operating at some steady -

partial'load condition;IeValuate the maximum step~increase

that can be accommodatedQ

c¢) Step Decrease - with the pipe operating at some steady

partial ioad conditiOn, evaluate the'maximum step‘decrease”,

that can be accommodated without depriming'the tunnel;

d) Reservoir Temperature Change - with pipe'operating'at some
steady partial load condition,‘change reservoir temperature

as rapldly as is poss1ble and evaluate response of pipe.

5.4 Asymmetrlcal Heat Input and Output

5. h l Pipe will be configured as in. paragraphs 5 2, l and 5.2.2

5.4

. except as follows:

a) only one heater (#1 or #2) will be energized

,b) only one side of the condenser_cooling.spray will be

~activated.

.Pipe performance will be evaluated .as described in paragraph 5.2

except that only one constant reservoir temperature run will be

made.

GAC 3268A REV 2

8~70 125M

REFPORT .
DATE -
EFﬂUM“}%AN Gyt Pl AR SO S =3 T Ln CRiNg

CODE 26512




PAGE 8 .

6.0 Data Acquisition
IlDa.ta_vfrom the pow.er‘meters ‘a.nd.vtemper'ature recordefs will be transcrii)ed
' fo data sheets shown ‘in"Figure 5. |
| The data 'recofded on the first sheet facilitates rapid evaluation of
overall _ﬁi}ﬂe berfofzﬁéncé. " This includés‘ 2L thermocouples_'a.ﬁd péwer- feaaings.

The second data sheet tabulates the remaining pipe temperatures.
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